The article presents methods to determine the peat elasticity modulus based on settlement measurement of the preloaded embankment. The author proposes two methods: the first does not take into consideration the strengthening of the soil as a result of the settlement and the second includes the strengthening process of soil related to the settlement. Based on the presented methods, computer simulations were performed in the first case for the assumed embankment in order to verify the methods and in the second case for the real conditions in the area of Szczecin, Poland.
INTRODUCTION
Organic soils are resulting from the decomposition of dead organic substances i.e. remnants of plants and animals. The most frequently occurring type of organic soil is peat. Besides that there can be dy, gyttja or humus. The parameters of organic soils are quite different from mineral soils. The shear strengths of organic soils are usually lower than for mineral soils. The organic soils have very low stiffness. The compressibility of the peat is very high. Even for small external loads, the settlements are about the amount of more than half of the original thickness of the peat layer. Consequently a very important stiffness parameter of peat is elasticity modulus [2, 3, 4, 8] . The elasticity modulus is usually determined in an oedometer test. In this test, the sample is in a small metal ring. During the test, mainly the settlement of sample is measured. The sample has no direct measurement of pore fluid pressure or volume change. From the test results scaled-up to the field model. For organic soils, the elasticity modulus (constrained modulus) is low. Therefore for organic soil, it can lead to different values than reached in the field. Therefore, there is a need to estimate this parameter through field tests [2, 3, 4, 7] .
MATEMATICAL DESCRIPTION
The author proposes to specify peat constrained modulus in the field throughout overloading the organic soil with embankment [1] and measure its settlement. Such embankments are used as a method of strengthening the soil [3, 4] . To define peat elasticity modulus, two methods can be used: first, that does not take into account the strengthening of the soil as a result of settlement and the second which takes soil strengthening into consideration. Both methods assume a uniaxial state of stress and strain in the soil. Also, the mineral soil layer lying below the organic soil is undeformable. To determine a settlement, the stress field from the external load in the peat should be known. In both methods, the embankment should be divided into small calculation areas. It is shown in figure 1 . For each calculation field, the load acting in the middle of the area can be determined. Then the stresses in the ground are calculated accordingly to the Boussinesq theory [9] and superposition principles. Calculations are done in junctions of the resulting mesh. Each junction is considered separately, taking into account the calculations the impact of all calculation field and juctions. The stress from the external load in the ground depends on its value, its area of operation and the place where it is determined. The model includes only the vertical component of the stress. Under the embankment, the stress is determined on the basis of the Boussinesq theory and from the principle of superposition [9] . The value in each junction is calculated with formula (2.1). 
where: x, y -coordinates of applying force in the plane of the embankment; x0, y0 -coordinates of analyzed point in the plane of the embankment. To calculate the settlement of peat in each junction one should know the area of stress distribution. The stress distribution in peat layer is shown in figure 2. The stress field from the external load in the peat layer below each junction may be calculated:
where: Ii is the stress field from the external load in the peat; Q is load from calculation area; HT is thickness of peat. where: Ii is the stress field from the external load in the peat; scal1 is calculated settlement in first method; M0 is peat elasticity modulus (constrained modulus). If the settlement of embankment is known, the external load affected in the peat and thickness of peat, the peat elasticity modulus (constrained modulus) may be calculated using the back analysis. Next step, with known measured settlements of embankment, the peat elasticity modulus can be determined using the least squares method. The calculations assume that the final settlement is constant (s=const) for analyzed "column" of peat under analyzed junction.
where: smeas is measured settlement; scal is calculated settlement in first method; M0 (1) is peat elasticity modulus (constrained modulus) from first method.
3.2. Second method: Determination of peat elasticity modulus based on field measurement taking into account the strengthening of the soil as a result of settlement One-dimensional, non-linear consolidation model of organic soils has been developed in the Section of Geotechnics of the West Pomeranian University of Technology Szczecin. The settlement of peat results from the decrease of its porosity due to the applied load. The settling of the consolidated peat layer taking into account the effect of the decrease in porosity can be determined according to the formula (2.6) given by
Meyer [5, 6, 7] Using this method was assumed 0 z
where: s is settlement; M0 is oedometer elasticity modulus (constrained modulus); HT is thickness of peat; n0 is virgin porosity of peat; κ is dimensionless ratio from oedometer test, q is load of the embankment. The values of κ and η0 can be calculated from the following empirical relations [6] : The formula for the elasticity modulus considering strengthening of the peat as a result of subsidence was defined by Meyer [5, 6] with formula (2.9).
where: s is settlement; M0 is oedometer elasticity modulus (constrained modulus); HT is thickness of peat; n0 is virgin porosity of peat; κ is dimensionless ratio from oedometer test.
Using formula (2.9), the settlement of embankment with the strengthening of the soil as a result of settlement can be calculated: Like in the first method, the peat elasticity modulus in this method can be calculated using the least squares method. To calculate the value the minimum of peat elasticity modulus from second method the parameter M0 (1) has to change for example from 0,7 to 1,3 with parameter A (fig. 3)    
where: smeas is measured settlement; scal2 is calculated settlement in second method; M0 (2) is peat elasticity modulus (constrained modulus) from second method. To calculate peat elasticity modulus from second method you shoud use an algoritm. The algoritm is shown in figure 3 . . 5a ). It was given 35 kPa load. Under the embankment there was a peat layer 9-meter thick [1] . Final settlement of the embankment is shown in figure 5b . For both cases, the average oedometer elasticity modulus was defined for peat layer. For the first case, it was 400 kPa and for the second 320 kPa. The virgin porosity of peat n0 for the first case was 0,7 and for the second 0,73. The dimensionless ratio from oedometer test κ for the first case was 1,78 and for the second 1,81. Then the stress field from the external load in the peat was calculated. The results are shown in fig. 6 for both cases. One can see that the highest values are in the middle of the embankment. In both cases, the maximum value of Ii from external load in the peat is in the middle of embankment area. For the first case, the maximum value is 321,65 kN/m and for the second is 181,48 kN/m. For both cases, an elastic modulus for peat layer without taking into account the strengthening of the soil was calculated as a result of settlement (the first method).
The results are shown in figure 7 . Using the first method, I calculated peat elasticity modulus. In the first case, modulus has value 346,54 kPa and in the second 300,16 kPa. For both cases, I calculated an elastic modulus for peat layer with taking into account the strengthening of the soil as a result of settlement (the second method).
The results are shown in figure 8. Using the second method, I calculated peat elasticity modulus. In the first case, modulus has value 273,77 kPa and in the second 261,14 kPa. Peat compressibility parameters are strengthened as a result of embankment overloading. By the second method, the value of the constrained modulus can be determined before the load test, but taking into account the improvement of the parameter.
The results of average elastic modulus for peat layer for both cases are shown in figure 9 . Fig. 9 . Results of peat elasticity modulus (constrained modulus) for two cases
